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ABSTRACT

Vacuum deposited electroluminescent phosphor light sources
have characteristics radically different from conventional
electroluminescent panels. This paper describes the fabri-
cation and some characteristics of films composed of yellow
(ZnS:Mn;CLl) and green (ZnS:Cu,FPb;Cl) phosphors. Among the
properties studied are brightness levels, spectral distribu-
tion and resistance and capacitance measurements.
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INTRODUCTION

Recently, a new approach to ‘the fabrication of electro-
luminescent,*l‘(EL), phosphors has given impetus to the development
of solid state devices for lighting, display and opto-logical
applications.2 It turns out that if the EL phosphof is vacuum deposited,
the brightness levels obtained for a given voltage across the phosphor
are several orders of magnitude greater than previously obtainable.
Moreover, a d-c field can also produce luminescence; with 'bulk"
panels, i.e., the phosphor powder is imbedded in a dielectric material,
d-c excitation is impossible.

This paper is intended to describe the methods of fabrication
of thin EL films and some of the reproducible characteristics of the
films. The characteristics which have been studied are those which
would be useful in applicatiomns to diéplay or opto-logical devices.
Included are brightness levels, spectral distribution and resistance
and capacitance measurements.

FABRICATION OF THIN E-L FILMS

The host material used in most of the EL wqu is zinc
sulphide (ZnS), a well known phosphor material. To the host material
are added various activative materials, either singly or multiply;
copper, manganese and silver are the most common. In addition a co-
activator is required for com.pensation;3 chlorene is the most common
coactivator. It is the presehce of the activator and coactivator in

the host crystal that gives rise to luminescence centers. The process

* Electroluminescence as used here refers to the generation of visible
light by means of an electric field.



W-5582 2.

of activation is carried out at elevatid temperatures where the
diffusion of the activator and coactivator into the host crystal
can readily proceed.

In making thin film E-L phosphors, the concentrations of
activators and coactivators are distwrbed due to a fractional
vaporization of the phosphor components; the coactivator is almost
entirely lost. 8o the problem.of producing phosphor films is one of
reactivating the host material. There are several schemes for doing
this.

1. The phosphor film can be made at the hot substrate in
vacuum by evaporating pure ZnS with activator and co-
activator salts in the proper ratio to allow for the
digferent evaporation rates. .

2. The phosphor can be normaily evaporated and the film
subsequently heated in the presence of vaporized
activator and coactivator salts.

3. The phosphor can be normally evaporated and the film
subsequently imbedded in finely divided bulk phosphor
at elevated temperatures,

The last process is due to W. A. Thorntoné and is most satisfactory
because the bulk phosbﬂor has the exact concentrations of activator
and coactivator required. In this manner yellow (ZnS: Mn;Cl) and to
_some extent green (ZnS:Cu,Pb;Cl) phosphor films have been made at

MITRE.
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The phosphor f£ilm samples were deposited on one inch square
substrates of Corning #7280 glass. The special glass was required in
order to match the thermal coefficient of expansion of ZnS at activation
temperatures, Otherwise adherence problems would arise with films
thicker than 1.5 microns (u). The glass substrates were pre~-coated with
tin oxide (EC layer). The EC layers were electrically conducting
(resistivity of 50-100 ohms per square) and were transparent (80%).

The phosphor was deposited over a 3/4 inch square centered on the sub-
strate, For the evaporation a resistance-heated molybdenum "V! boat

was used, The evaporation temperature was about 12500C‘giving deposition
rates of about 15 & per second. The phosphor film thickness was about
1.4-1.6y as determined by interference fringes, After deposition the
substrates were imbedded in finely divided bulk phosphor and heated to
710°C for 15 minutes in an inert atmo;phere. Next a deposition of
silicon monoxide was made over the entire phosphor square. The thickness
of this insulating layer was varied from sample to sample in the range
of 1008 to 10008, The insulatiang layer inhibited voltage breakdown of
the phosphor film. Finally a pattern of nine aluminum dots 5/32 of an
inch in diameter were deposited over the silicon monoxide layer. The
vapor depositions mentioned were done at pressures around 10-5 Torr.

A phosphor film sample as described is shown schematically in Fiecure 1.

CHARACTERISTICS

1. Voltage Brightness

In Figure 2 the brightness versus a-c voltage data for a
ZnS:Mn;C1 film with a .1y layer of silicon monoxide are plotted. The

effect of the insulating layer is to reduce the d-c luminescence; the
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a~c. luminescence is not appreciably affected. When the thickness of
silicon monoxide reaches ,1lp the d-c response is reduced by a factor
of 30. The interesting point is thar the brightness of the films varies
as exp(aV) at the higher voltages. At lower voltages there is a deviation
toward an exp(b/V) dependence. Bulk panels have a brightness dependenceﬁ
of exp(c/Vz). If one thinks of incorporating an EL film in an X-Y grid
structure, a built in ratio of~brightness at full to half voltage of at
least 133 is available. With bulk panels the corresponding ratiq would
be about 5. A frequency dependence of brightness is also noted. In all
cases the frequency dependence is almost linear being slightly super
linear. This also can be correlated with the presence of the silicon
monoxide layer, It turns out that if RC<K % where C is the capacitance
of the silicon monoxide layer and @ is the radial frequency of exciting
voltage, the variation of brightness witﬁ frequency is super linear.5

Fiéure 3 shows the brightness dependence of the same sample on
d-c voltage. The effect on the magnitude of brightness of the silicon
monoxide layer can clearly be seen. Without a silicon monoxide layer
brightnesses comparable to a-c excitation were observed. Unfortunately
these samples prcved to be unstable. With improved fabrication techniques
this can be significantly improved. The d-c luminescence also has an
exponential dependemcz on voltage. The corresponding d-c current is
exponential but does not parallel the brightness curve., However, this
may be due to leakage current. '’

Figure 4 shows the dependence of brightness an a-c voltage for
green ZnS:Cu,Pb;Cl films. It should be mentioned here that the activa-

tion process for the green phosphor films is not as straightforward as
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for the yellow. The yellow phosphor is not too sensitive to the
concentration of activator material and consequently activation times
and temperatures are not critical; just the opposite is true for the
green phosphor. As a result higher heat treating temperatures were used
for the green phosphor films to assure activation from the bulk phosphor.
The higher temperatures caused an increase in the resistivity of the EC
layer of a factor of 100, This essentially introduced a large resis-
tance in series with the phosphor film and reduced the voltage across
the phosphor. Figure 4 clearly shows low brightnesses fo£ relatively
high voltage and an exp(c/V) dependence which is characteristic of
phosphor films at low voltages. For these reasons no d-c luminescence
of the green films was observed.

2, Spectral Distribution.

Figure 5 is a plot of ﬁhe spéctral distribution of yellow
(ZnS:Mn;Cl) and green (ZnS:Cu,Pb;Cl) phosphor films. The yellow £ilm
was excited with 20 kcps voltage ;nd the green with 20 and 10 kecps
voltage. The distribution is quite narrow for the yellow phosphor being
56 my wide at the half-amplitude points. The peak occurs at 571 mu.
The green phosphor film has two peaks. One is in the blue region and
the other is in the green region. At low frequencies the green is
dominant and the film appears green. As the frequency is increased the
blue component becomes more and more prominent and the film appears
almost blue. This phenomenon is nothing'new and is believed to be a

result of the interaction of blue and green centers in the phosphor

after excitation but prior to luminescence.



W-5582 6.

3. Resistance and Capacitance

The ;apaeitance of the films was found to range from
.0009uf to .0012uf and did. not change appreciably when the films were
luminescencing. The capacitance was more uniform.than the 307 figure
just given if only cells on the same sample are considered, in thch
case the spread of values is about 10%. Since the capacitance is
esseuntially constant during luminescence it may be expected that the
capacitance of a cell arises from the phosphor and the silicon monoxide
layer. The relative dielectric constant of ZnS is about 7.2, that of
silicon monoxide 4, The average dielectric constant of the sample

layer would be 7. . With a capacitance of .001uf the layer thickness

is:
-12 . -5
t=¢ & A _8.85 x10 x7 x1.8 x10 " _ 1.10 x 10 6 meters
orC -9
10
or t = 1.1 microns.

This compares favorably with the observed thickness.

The resistance of the films from the aluminum to the E-~C
layer was about 10 megohms when measured at low voltage with a point
probe. However when the films were emitting light a dynamic resistance
of about 1,500 ohms was observed. If the capacitance of the silicon
monoxide is taken to be .00007uf the RC time constant would be about
10_7 second. For 20 kcps, l/w is about 8 x 10-6 second. This would
serve to confirm the slightly superlinearity of the frequency

dependence.
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DISCUSSTON

From the work alréady completed it is evident that high-
resolution, the bright light sources for display or bpto-logical
devices can be realized with EL phosphor films., Also indicated,
'is the fact cthat reproducibility, uniformity and performance can be
improved with better fabrication techniques including a closely
controllable environment. For example, the luminous efficiency
of the films described is about .2 1;mens per watt., If the EC
layers used wecre adequately matched to the heat treating cycle power
consumption could be reduced by a factor of 4 and still higher bright-
ness could be attained at lower voltage. These considerations are
not speculative, they can be implemented, by and large, with gxisting
facilities save for the need of an ultra-clean environment.

Some preliminary work pas just begun on pulse excitation
of the phosphor films. It appears that the yellow phosphor has a
prohibitively long decay time for most device applications. The
green phosphor is polarity sensitive to pulses. In one mode on to
off times of the light output of 54 seconds were noted. In the other
mode with slightly less light output on to off times of .éu second
have been observed.

Future work will be concerned with further pulse excitation
studies and the problems associated with making small, planar arrays

of EL elements.

JH: tjm James V. Hirsch
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Figure 1 .
Schematic of an EL Phosphor Film Sample
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DC Voltage -~ Current Brightness Cheracteristic for a ZnS: Mn,Cl
film l.54 thick with .1y silicon monoxide
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